The phylogenetic relationships among 23 species of the tribe Tigridieae (lridaceae) were inferred using morphological data and nucleotide sequences from nuclear ITS and three intergenic spacers of the cpDNA: psbA-trnH, trnT-trnL, and trnL-trnE Although all data sets supported a monophyletic Mexican-Guatemalan Tigridiinae including two taxa usually placed in Cipurinae ( Cardiostigma longispatha and Nemastylis convoluta), neither morphology, cpDNA, nor ITS resolved phylogenetic relationships within this lineage. A graphical tree of trees analysis showed the cladograms derived from morphology to be the most topologically distinct within the set of all trees examined and to be the set with most divergent trees. Finally, cladistic analysis of the combined data sets supported the recurrent dispersal of Cipurinae from South to North America and a South American origin of the Mexican-Guatemalan subtribe Tigridiinae.
INTRODUCTION
The Iris family, Iridaceae, is a group of perennial herbs that includes horticulturally important genera such as Crocus L., Freesia Eckl. ex Klatt, Gladiolus L., and Iris L. The family is distributed worldwide in both tropical and temperate regions, but South Africa, the eastern Mediterranean, Mexico, and South America are especially species-rich. Iridaceae are distinguished by having leaves with a bifacial, equitant, sheathing base and a unifacial (isobilateral) blade, flowers with three stamens, and, with the exception of monotypic /sophysis, an inferior ovary. The morphological distinctiveness of Iridaceae has generated little controversy over its status and circumscription except for the treatment of /sophysis tasmanica (Hook.) T. Moore (Tasmania) and the saprophytic Geosiris aphylla Baill. (Madagascar), both of which have been treated as separate families (Dahlgren et al. 1985; Goldblatt 1990; Rudall 1994; Chase et al. 1996) . Molecular studies based on cpDNA sequences showed lridaceae to be a monophyletic group with the genus Isophysis as sister to all other members of the family (Souza-Chies et al. 1997; Reeves et al. 2001) . Goldblatt (1990) subdivided Iridaceae into the subfamilies Isophysidoideae, Nivenioideae, Ixoideae, and Iridoideae. He further divided subfamily Iridoideae into the tribes Irideae, Mariceae, Sisyrinchieae, and Tigridieae.
The tribe Tigridieae is strictly a New World group with centers of diversity in temperate and Andean South America and Mexico. The tribe comprises plants with curiously formed and highly colored flowers that exhibit great morphological variation, making many species potentially valuable as cultivated plants. The style branches frequently form a specialized and complex structure intimately associated with the stamens, with the latter also quite specialized. Such elaborate floral structures contrast with the vegetative uniformity in the tribe. All species develop underground bulbs and possess plicated or foliated leaves. Tigridieae have been subdivided into the subtribes Tigridiinae and Cipurinae (Goldblatt 1990) . A gametophytic chromosome number of n = 14 and disulcate pollen grains characterize subtribe Tigridiinae. The group is centered in Mexico and Guatemala, but eight species of Tigridia occur natively in Peru and Chile. Conversely, subtribe Cipurinae possess monosulcate pollen grains and a gametophytic chromosome number of n = 7. Cipurinae have a center of diversification in South America, with some species extending north into the southern USA. The bimodal geographical distribution of Tigridieae raises interesting questions concerning the phylogenetic and biogeographic relationships of the taxa in the two regions.
The tribe Tigridieae is taxonomically difficult and phylogenetically poorly understood. Thus, cladistic analysis of both morphology and molecules is needed. The flowers display great variation in color, shape, and structure, but unfortunately the flowers are very ephemeral and preserve poorly as herbarium specimens. Both the extensive floral variation and poor flower preservation have led to a confusing taxonomy of the group and the establishment of 40 distinct genera, several of them monotypic. Generic boundaries, species affiliations, and phylogenetic relationships are problematic and vary considerably from one specialist to another. In the latest morphology-based phylogenetic treatment of the Tigridieae (Goldblatt 1990) , only 18 genera are recognized. The genera Alophia Herb., Cabana Ravenna, Fosteria Molseed, Sessilanthera Molseed & Cruden, and Tigridia Juss. are placed in Tigridiinae, whereas Ainea Ravenna, Calydorea Herb., Cardenanthus R. C. Foster, Cipura Aubl., Cypella Herb., Eleutherine Herb., Ennealophus N. E. Br., Gelasine Herb., Herbertia Sweet, Kelissa Ravenna, Mastigostyla I. M. Johnst., Nemastylis Nutt., and Onira Ravenna are recognized in Cipurinae.
Rapid floral radiations accompanied by shifts between pollinator systems are well documented in Iridaceae (Goldblatt et al. 2002) . Similar radiations with convergences and reversals may well be occurring within Tigridieae in light of their remarkable variation in floral morphology and pollination syndromes (Rodriguez 1999) . Additionally, flowers of Tigridia and related genera are strikingly similar to Calochortus (Liliaceae), an often co-occurring set of species that exhibits extensive parallelism in floral form, color, and pollination syndrome Givnish 2002, 2004) . Such groups require careful evaluation of character conflict when analyzing data sets obtained from both morphology and molecules (Givnish and Sytsma 1997a, b; Givnish et al. 1999 Givnish et al. , 2005 Givnish et al. , 2006 Evans et al. 2000) . Conditional combinability (Sytsma 1990; Bullet a!. 1993; de Queiroz 1993; de Queiroz et a!. 1995; Huelsenbeck et al. 1996; Johnson and Soltis 1998; Wiens 1998 ) is a conservative approach when studying such groups using both morphological and molecular characters.
eventually the species-rich Tigridia (42 species) that exhibits a number of floral/pollination syndromes, we assess the phylogenetic relationships of Tigridieae with both molecular and morphological characters. The objectives of this study are to: (I) infer phylogenetic relationships within the tribe Tigridieae individually using morphological data, cpDNA, and ITS sequence data, (2) examine relationships based on combined evidence, and (3) use the phylogenetic framework obtained from these analyses to address the monophyly, biogeography, and origin of the subtribe Tigridiinae.
As a first step in examining the phylogenetics, biogeography, and floral evolution within the tribe Tigridieae, and
MATERIALS AND METHODS

Taxa and Plant Tissue
A total of 32 accessions including 23 taxa of Tigridieae were analyzed for morphological, cpDNA sequence, and ITS sequence variation. Taxon sampling included all five genera of Tigridiinae and six of 13 genera of Cipurinae (Table 1 ) . The genus Rigidella was included in Tigridia by Goldblatt (1990) . Two genera (three species) of closely related tribe Mariceae (Reeves et a!. 2001) , and one genus each of tribe Sisyrinchieae and Irideae were also included. With this sampling, all four tribes of subfamily Iridoideae were represent-ed (Goldblatt 1990) . Leaf tissue was collected in the field for most taxa from Mexico (Rodriguez et al. 1996) , dried and preserved in silica gel (Chase and Hillis 1991 
DNA Extraction
Total DNA was extracted using the method of Doyle and Doyle ( 1987, 1990) as modified in Smith et al. (1991 ) . Extractions were performed on silica gel-dried leaf material from several individuals prepared in the field (Rodriguez et al. 1996) . In some cases, fresh leaves were taken from plants grown at the Department of Botany of the University of Wisconsin greenhouse from bulbs collected in the field.
DNA Amplification, DNA Sequencing, and DNA Alignment
Primers for DNA amplification of the noncoding trnTtrnL and trnL-trnF cpDNA regions were as published by Taberlet et al. ( 1991 ) . Likewise, the primer sequences used for the amplification or the psbA-trnH intergenic spacer are found in Sang et al. (1997) . The reaction profile included an initial denaturation step at 94°C for 5 min, followed by 35 cycles with denaturation at 94°C for 30 sec, annealing at 48oC for 1 min and extension at 72°C for 1.5 min; a final elongation at 72°C for 7 min closed the amplification.
The nuclear ITS region, including ITS-1, ITS-2, the 5.8S rRNA gene, and flanking regions of the 18S and 26S genes, was amplified using the primers ITS5, ITSLeu.1, and ITS4 (White et al. 1990; Baldwin 1992) . In some cases, the ITS region was amplified in two steps. In the first step, the ITS-I was amplified using the primers ITS5 and ITS2. In the second step, the ITS-2 was amplified using the primers ITS3B and ITS4 (Baum et al. 1994) . The primers ITS2, ITS4, and ITS5 are universal primers proposed by White et al. (1990) . The reaction profile included an initial denaturation step at 94 oc for 3 min, followed by 25 cycles with denaturation at 94°C for 1.5 min, annealing at 54°C for 2 min and extension at 72°C for 3 min; a last elongation at 72°C for 15 min closed the amplification.
Two methods were used to clean the PCR products. Ultrafree-MC Centrifugal Filter Units (Millipore Co., Billerica, Massachusetts, USA) were used following the manufacturer's specifications. Alternatively, PCR products were treated with the enzymes Exonuclease I, to degrade the primers and extraneous single stranded DNA, and Shrimp Alkaline Phosphatase (SAP: Amersham Life Sciences, Piscataway, New Jersey, USA), to remove unincorporated nucleotides.
Sequencing was performed using the ABI PRISM DNA Dye Terminator Cycle Sequencing Ready Reaction Kit or Big Dye 3.0 (Perkin-Elmer Applied Biosystems, Wellesley, Massachusetts, USA) following the protocols provided by manufacturer. Subsequently, the sequences were visualized using the ABI 373 DNA Sequencer (Perkin-Elmer Applied Biosystems, Wellesley, Massachusetts, USA) at the DNA Synthesis and Sequencing Facility, University of Wisconsin Biotechnology Center. Sequence editing and alignment was carried out using the software program Sequencher 3.0 (Gene Codes Corporation, Ann Arbor, Michigan, USA). Improvement of the sequence alignment was done using the multiple alignment algorithms of CLUSTALX (Thompson et al. 1994 (Thompson et al. , 1997 followed by manual refinement.
Morphological Data
The morphological data matrix was obtained from published literature and observations on more than 654 herbarium specimens deposited in the following herbaria: CHAPA, ENCB, F, IBUG, MEXU, MICH, MO, WIS, and ZEA. In addition, collecting expeditions were conducted in Mexico and Guatemala in 1995 and 1996 to collect and observe the species in their natural habitat (Rodriguez et al. 1996) . The 40 qualitative characters used in the study consisted of 28 binary and 12 unordered multistate characters (Table 2) . Thirty-eight characters were obtained from macromorphology, one from cytology, and one from palynology.
Phylogenetic Analyses
All phylogenetic analyses were conducted using maximum parsimony in using PAUP* vers. 4.0bl0 (Swofford 2002 ) on a Macintosh G4 using Iris as the ultimate outgroup (Reeves et al. 2001 ) . Phylogenetic signal was estimated using the consistency index (CI), retention index (RI), rescaled consistency index (RC), and the permutation tail probability test (PTP). The PTP test was calculated from 10,000 Random Permutations of the original data. Shortest trees from each permuted matrix were searched with MulTree off, 10 Random Sequence additions and the Nearest Neighbor Interchange (NNI) branch-swapping algorithm. The Steepest Descent option was in effect. Heuristic approaches were used to find optimal trees. Searches were carried out using Fitch parsimony only on the potentially informative characters. Gap sites were incorporated into the analyses as missing characters. The heuristic searches were carried out with 1000 replicates of Random Sequence additions, MulTree off, and TBR branch-swapping.
Support for the different branches of the cladogram was assessed using the bootstrap (Felsenstein 1985) and decay (Bremer 1988) analyses. Bootstrap values were calculated with MulTree off and the TBR branch-swapping algorithm with 10 Random Sequence additions for each of the 1000 bootstrap replicates. The decay values were obtained by invoking the Enforce Topological Constraints option and keeping trees that were not compatible with the constraints as described in Baum et al. ( 1994 ) . Heuristic searches included the activation of 100 Random Sequence additions, MulTree off, and TBR branch-swapping. The combined analysis of the morphology, cpDNA, and ITS data sets followed that of de Queiroz et al. (1995) and Wiens (1998) .
Character and Taxonomic Congruence
The Mickevich-Farris (IMF: Mickevich and Farris 1981) and the Miyamoto (IM: Swofford 1991) incongruence indices Table 2 . Morphological characters and character states used in the cladistic analysis of Tigridieae. All character states were scored as unordered. Polymorphic multistate characters were specified as polymorphic for the specific states found in that species. were calculated for all pairwise combinations of the morphological, ITS, and cpDNA data sets. The statistical significance of the IMF and IM values was determined using the incongruence length difference (ILD) test of Farris et al. (1995) as executed in PAUP* using 1000 randomly selected partitions. The most-parsimonious trees were obtained with heuristic searches that included 10 Random Sequence additions with the options Steepest Descent, TBR branch-swapping, and MulTree off in effect. ferent in topology from trees generated from other data sets will be placed in remote portions of the "tree of trees."
RESULTS
Matrix Characteristics-Plastid Regions
The length of the pbsA-trnH spacer of Tigridieae varied from 448 to 483 bp. The alignment for all 32 taxa required the insertion of 11 gaps 1-3 bp long. Tigridia durangense, Trimeziafosteriana, and Trimezia martinicensis shared a sixbp insertion. The aligned sequence length of the pbsA-trnH spacer was 495 bp.
For taxonomic congruence, a tree of trees analysis was performed following the method of Graham et al. ( 1998) . This procedure generates a phenogram that graphically illustrates the similarity of all most-parsimonious trees obtained independently from different data sets, including trees from the combined data set. Trees that are significantly difOnly the 5' -end of the trnT -trnL spacer was sequenced. The length of the trnT -trnL spacer varied in Tigridieae from 330 in Tigridia durangense and Rigidella inusitata to 372 in Table 3 . Comparison of data variation and character-state reconstruction on most-parsimonious trees from separate and combined analyses of morphology, ITS, and cpDNA sequence data sets. M = Morphology, ITS = ITS sequence data, cpDNA = cpDNA sequence data, and C = combined data sets. 
Matrix Characteristics-Nuclear Regions
The boundaries of the ITS-1, 5.8 rDNA, and ITS-2 were determined by inspection and comparison with the published sequences from Oryza sativa L. (Takaiwa et al. 1985) . ITS-1 ranged from 233 to 259 base pairs (bp). For most Tigridieae the 5.8S rDNAs were 163-167 bp in length. ITS-2 varied from 208 to 264. The alignment of the ITS sequences for all taxa required the introduction of several 1-to 6-bp gaps scattered in ITS-1 and ITS-2 regions. Two larger gaps of 26 and 20 bp in ITS-2 were required. Finally, the aligned sequence length of the ITS region, including ITS-I, ITS-2, the 5.8S rRNA gene, and flanking regions of the 18S and 26S genes was 773 bp. ITS exhibited 231 potentially informative characters (Table 3) .
Phylogenetic Results
The phylogenetic analysis of morphological characters generated 20 most-parsimonious trees of Ill steps, CI = 0.46, RI = 0.74, and RC = 0.34 (Table 3) . One of these trees is illustrated in Fig. I to show branch lengths and support values. Considering the suspected plasticity of floral characters in the tribe Tigridieae and the low number of cladistically informative characters (36) relative to molecular characters, it is not surprising that the resulting cladograms showed weakly supported branches and that the strict consensus tree resolved only eight branches (see Fig. I ).
The cpDNA data set was found to possess significant cladistic signal based on the PTP (P < 0.00 I) and the cladistic analysis yielded 34 trees of 287 steps, CI = 0.55, RI = 0.75, and RC = 0.41 (Table 3) . One of the most-parsimonious trees is illustrated in Fig. 2 . The strict consensus identified two major clades without statistical support and failed to sustain the monophyly of the tribe Tigridieae (see Fig. 2 ). The first clade was poorly supported and showed a sister group relationship between most members of subtribe Cipurinae (Tigridieae) and tribe Mariceae represented by Trimezia martinicensis, Trimezia fosteriana, and Neomarica gracilis. Sister to this clade is a group, hereafter referred to as the Tigridiinae clade, which could be further separated into the Mexican-Guatemalan Tigridiinae and an assemblage of Tigridiinae-Cipurinae taxa including Alophia veracruzana, Tigridia lute a, Ennealophus foliosus, and Eleutherine latifolia. The Mexican-Guatemalan Tigridiinae were well supported as a monophyletic group and included two taxa, Cardiostigma longispatha and Nemastylis convoluta, previously recognized as members of Cipurinae. Cladistic analyses with and without Tigridia lutea generated trees with similar topologies. The trnT -trnL spacer was not sequenced for this species despite considerable effort and time allocation. The phylogenetic analysis of the ITS sequence data yielded 33 most-parsimonious trees of 648 steps, CI = 0.59, RI = 0.68, and RC = 0.40 (Table 3) . One of the most-parsimonious trees is illustrated in Fig. 3 to show branch lengths and support values. In contrast to cpDNA data, the ITS strict consensus tree (see Fig. 3 ) supported a monophyletic tribe VOLUME 22
Phylogenetics of Tigridieae Ti gridieae w ith two well -supported clades. The first clade compri sed o nly genera of the subtribe C ipurinae (Calydorea, Cip ura, Cypella, and Nemastylis) and the second corres po nded to the subtribe Tigridiin ae plus Eleutherine, Ennealophus, Cardiostigma B aker, and Nemastylis convoluta, the latte r prev iously recogni zed as genera of the subtribe Cipurinae. Additio na ll y, th e Tig ridiinae c lade inc luded a stro ngly supported mo nophyleti c Mexican-G uatem alan T igridiinae and an unresolved basal group fo rmed by Tigridia lutea, A lophia veracruzana, Eleutherine latifolia, and Ennealophus foliosus. The combined mo rphological, ITS seq ue nce, and cpDNA seque nce data set res ul ted in 2 196 characters; 394 were parsimo ny infor mative, incl uding 36 morpho logical characters, 23 1 IT S nucleotide positio ns, and 127 cpDNA nucleotide changes. C ladi sti c analys is of the e ntire data set resulted in 44 most-parsimo ni ous trees w ith 1107 steps, CI = 0.53, RI = 0.67, and RC = 0.36 (Tabl e 3). One of these trees is illu strated in Fig. 4 and shows branches coll apsing in the strict consensus tree. T he strict consensus tree strong ly supports a monophyletic tribe Tigrid ieae w ith two mai n c lades.
T he fi rst c lade compri ses some of the traditionall y recognized members of C ipurinae: Calydo rea, Nemastylis, Cipura, and Cypella. T he second clade includes all m embers of the sub tri be T igridiinae and the remai ning gene ra of the subtribe C ipurinae inc luded in thi s stud y (Eleutherine, Ennealophus, Cardiostigma, and Nemasrylis con voluta). Additionall y, the T igridiin ae clade contains a mo nophy leti c M exi canGu atemalan lineage and a basal po lyto my com pri sing Tigridia lutea, Alophia veracruzana, Ennealophus Joliosus, and Eleutherine latifolia. T he mo nophy leti c M exican-Guate malan Ti gridiinae also incl udes two taxa usua ll y p laced in C ipurinae: Cardiostigma longispatha and Nemastylis convoluta. T he total evide nce tree ide nti fies the subtribe C ipurinae, as currently defi ned, as a paraphy letic lineage.
Character Congruence
T he IMF computes the incongrue nce between data sets as the number of extra steps needed by each indivi dual data set to explain the most-parsi monious trees retrieved fro m analysis of the combined data. L ikewise, the IM estimates char-VOLUME 22
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acter incongruence by summing the number of extra steps required to map data set X on the shortest trees recovered from data set Y with the number of extra steps required to map data set Y on the shortest trees recovered from data X.
The IM values were calculated using the trees requiring the fewest additional steps. Table 3 describes and compares the phylogenetic results of the morphological, ITS sequence, cpDNA sequence, and combined data sets. The IMF values indicate varying levels of incongruence from a low of 5% between the two molecular data sets to a high of 17% between morphology and cpDNA. In contrast, the IM values show between three and four times as much between-dataset incongruence as does IMF• but again with the lowest values between the two molecular data sets. When data sets were tested for incongruence using the ILD test, the deviation from the expected values was found to be significant. The results of ILD test applied to three pairs of data partitions and the three data sets combined are as follows: morphology-cpDNA (P = 0.01), morphology-ITS (P = 0.01), cpDNA-ITS (P = 0.03), and cpDNA-morphology-ITS (P = 0.001).
Taxonomic Congruence
The cladistic analyses of the independent data sets produced 20, 33, and 34 most-parsimonious trees from morphological, ITS, and cpDNA variation, respectively. All pairwise data combinations among the data sets yielded 3, 27, and 2 trees from morphology-ITS, morphology-cpDNA, and ITS-cpDNA, respectively. Lastly, analysis of all data combined (morphology-ITS-cpDNA) produced 44 mostparsimonious trees. The total of 163 trees resulting from all analyses were graphically compared using the tree of trees method (Graham et al. 1998) . The resulting phenogram (not shown) indicated that the cladograms derived from morphology to be the most topologically distinct within the set of all trees examined (morphology, ITS, cpDNA, and various combined data) and to be the set with most divergent trees.
DISCUSSION
Phylogenetic Congruence
Based on a rigid adherence to the ILD test (and to a lesser extent on IM and IMF values), the null hypothesis of congruence would be almost certainly invalid and data sets should not be combined. The ILD test found the morphological data set to be statistically different from the cpDNA and ITS data sets (P = 0.01). Similarly, the P value estimated for the three data sets together was 0.001. In contrast, The ILD test was only slightly significant (P = 0.03) between the cpDNA and the ITS data. The ILD test (and similar tests of congruence), however, should best be viewed as a first estimate in examination of congruence or the lack thereof between different data sets (Cunningham 1997; Yoder eta!. 2001; Hipp et al. 2004) . We argue that further analysis of these data sets supports conditional combination of the three data sets as specific factors generating much of the incongruence can be identified. The conflict between analyses appears to be due to both a lack of phylogenetic signal in the separate data sets (sometimes in different regions of the tree) and the displacement of two taxa (Tigridia huajuapanensis and Cabana guatemalensis) from moderately supported branches in the nuclear vs. chloroplast DNA trees (Fig. 2, 3 ). These two species are placed in the combined data set tree (Fig. 4) in positions identified by ITS and cpDNA, respectively. Further analyses are underway to determine the exact nature of these two discrepancies.
The phylogenetic analysis of morphological data does not support a monophyletic tribe Tigridieae as there is no resolution at the base of the tree (Fig. 1) . Many branches in the cladogram are not well supported and the strict consensus tree resolves only eight clades (Fig. 1) . The lack of branch support in the morphology trees is due to both few potentially informative characters (36) and fairly high levels of homoplasy (54%). In contrast, the cladograms obtained in both cpDNA and ITS analyses show support for many more branches and phylogenetic insight within the tribe Tigridieae can be obtained from them (Fig. 2, 3) . The results of the two molecular analyses are congruent with respect to certain major features of Tigridieae phylogeny. Most important, they support the recognition of two main clades; the first comprising only members of subtribe Cipurinae and the second comprising all members of subtribe Tigridiinae and some Cipurinae. The two molecular based trees are in conflict with respect to the monophyly of the tribe Tigridieae and the branching order within the subtribe Tigridiinae. These conflicts, however, reside in regions of the trees where relatively few characters are available for either the cpDNA or ITS data sets. For example, cpDNA does not identify a monophyletic tribe Tigridieae, as the subtribe Cipurinae is sister (although with little support) to the tribe Mariceae (Fig. 2) . Similarly, ITS does not identify a monophyletic tribe Mariceae, as Neomarica is placed as sister to the tribe Tigridieae (Fig. 3) .
The analysis of all three data sets combined provides the best supported estimate of phylogeny for the tribe Tigridieae based on bootstrap and decay values (Fig. 4) . The general result of the bootstrap analysis is that the three data sets tended to reinforce each other in cases where they are congruent. The tribe Tigridieae (91% ), the subtribe Tigridiinae (99%), and the subtribe Cipurinae (98%) formed clades at bootstrap values with higher frequencies than those in the separate analyses (Fig. 4) . The Mexican-Guatemalan Tigridiinae, Tigridia lutea, Alophia veracruzana, Eleutherine latifolia, and Ennealophus foliosus were united at the 87% level, rather than at 20% as in the morphological analysis, 50% as in the cpDNA, and 79% as in the ITS alone. The cladograms obtained from the combined molecular data (cpDNA + ITS; not shown) and total evidence show nearly identical relationships except for weakly-supported branches.
Classification-Issue of Floral Convergence
The results presented in this study show only partial concordance with the current classification of the tribe Tigridieae (Goldblatt 1990 ). The total evidence cladogram supports the tribe Tigridieae as a monophyletic group and its sister relationship to the tribe Mariceae, but disagrees with the circumscription of the subtribes Cipurinae and Tigridiinae (Fig. 4) . Tigridia is also clearly not monophyletic in any of the molecular or combined data cladograms (Fig. 2-4) , although the five species sampled form a clade with morphology (Fig. 1) . A broader survey of Tigridia supports the non-monophyly of the genus (Rodriguez 1999) .
This discrepancy in relationships, as seen with morphology vs. molecules, suggests that parallelism in floral features may be an important evolutionary phenomenon in Tigridieae as it has been documented in co-occurring Calochortus (Patterson and Givnish 2002 Givnish , 2004 . A comparison of levels of homoplasy of certain morphological characters illustrates this phenomenon (see Evans et al. 2000 for similar study). Only two characters, rootstock (1) and pollen grains (37) are less homoplasious in the molecular trees relative to the morphological tree. Notably, the bulbous rootstock is one of the nonfloral characters that define the tribe Tigridieae. Conversely, pollination syndromes (16) and related characters such as tepal shape (18), presence of nectaries (20), nectary condition (22), anther arrangement (25), style branches (31), style arm apices (34), and stigmas (35) showed considerably greater levels of homoplasy in the molecular trees relative to the morphological tree. Importantly, the cladistic analysis of morphological data tends to associate taxa with similar pollination syndromes whereas molecular data suggest that such groupings might include phylogenetically unrelated taxa.
Biogeographical Implications
Based on total evidence, the phylogenetic reconstruction of the tribe Tigridieae suggests a South American origin of the monophyletic Mexican-Guatemalan Tigridiinae (Fig. 4) . This hypothesis is corroborated by the correlation between the geographical distribution of Tigridia lutea, Ennealophus foliosus, Alophia veracruzana, and Eleutherine latifolia and their placement as either a basal grade or unresolved polytomy with respect to the Mexican-Guatemalan Tigridiinae based on total evidence. Ennealophus is a South American genus of five species. Specifically, Ennealophus foliosus grows in Peru, Brazil, and Bolivia (Ravenna 1977) . Tigridia lutea is found only in the coastal lomas of Peru (Ravenna 1976) . Alophia, a genus of four species, ranges from the southern United States through the Mexican Atlantic slope to Brazil. Alophia veracruzana is endemic to Veracruz, Mexico (Goldblatt and Howard 1992) . Correspondingly, the genus Eleutherine comprises two species that range from eastern Mexico through the West Indies to Bolivia and southeastern Brazil. Thus, the current geographical distribution of these taxa and their positions on the cladogram obtained from the total evidence suggest a northward migration from South America with a final radiation in Mexico.
The geographical distribution of Cipura campanulata, Cypella rosei, Nemastylis tenuis, and Calydorea pallens and their positions in the total phylogenetic evidence require further explanation. Cipura campanulata, Cypella rosei, and Nemastylis tenuis grow sympatrically with some species of Tigridia in Mexico. Yet, the phylogenetic results show these taxa to be more distantly related to subtribe Tigridiinae than Tigridia lutea, Ennealophus foliosus, Alophia veracruzana, and Eleutherine latifolia. Nemastylis is a genus of five species found in the United States and Mexico, with Nemastylis tenuis representing its southern-most limit. Cipura is a genus of six species distributed from western Mexico through Central America and the West Indies to Brazil and Bolivia. Specifically, Cipura campanulata extends from western Mexico through Central America to northern Venezuela and Colombia. Cypella rosei represents one of only two Mexican species of this South American genus. Lastly, Calydorea is a South American genus with Calydorea pallens restricted to South Central Argentina. Based on this geographical scenario, a hypothesis might have involved several migration waves of Cipurinae species from South to North America. Tigridiinae could have originated from a South American lineage of which Tigridia lutea, Ennealophus foliosus, Alophia veracruzana, and Eleutherine latifolia would be extant representatives.
Conclusion
The results of these various phylogenetic analyses illustrate the utility of combining molecular and morphological data sets as well as analyzing them separately when appropriate. This procedure has the potential of resolving conflicts between data sets, particularly when character support is low for certain branches, suggesting that the lack of complete congruence among trees in this example reflects the absence of sufficient signal rather than fundamentally different evolutionary histories or unwieldy levels of convergence. In other cases, comparing the levels of homoplasy of specific morphological characters when applied to morphological or molecular cladograms demonstrates the phenomenon of floral parallelism. The more robust portions of the cladogram from the combined analysis, though clearly in need of support from future studies sampling more taxa and more character systems (both morphological and molecular), can serve as a framework for evolutionary and biogeographical interpretations. For example, the monophyly of Tigridieae is reasonably supported. The common origin of the North American Tigridiinae from a South American lineage is also clearly defined. The resulting phylogenies also suggest multiple migration waves of Tigridieae from South to North America. Lastly, and most importantly, the phylogenetic approach to this evolutionarily interesting group of plants has opened new avenues for future research and the raising of new questions previously not articulated.
